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Introduction
Carbonized aerogels have been proposed as a medium for the storage of H2 gas. Aerogels, in general, can have a variety of complex structures. They are complicated three dimensional disordered networks built from intermediate size molecular clusters. The structure of the network is a fascinating problem, but for hydrogen storage is of less relevance, as the hydrogen molecule is so small that variance of pore sizes on the order of hundreds to thousands of Angstrom scale would seem unlikely to vary the trapping ability of the aerogel.
What would seem most important at the Angstrom length scale is the interaction of the hydrogen molecule with the individual carbon clusters. Commonly referred to as "beads," the clusters have sizes that range from ten to a few hundred Angstroms. The carbon in these clusters appears to be graphitic with an ample degree of disorder. The question for hydrogen storage then is, how does a hydrogen molecule interact with these graphitic clusters, or what can be done to these clusters to encourage hydrogen storage?
The storage mechanism explored was intercalation of hydrogen molecules between the graphitic sheets. It is extremely difficult to see absorption of hydrogen molecules on graphite surfaces except at extreme cryogenic conditions (M. Balooch, personal communication).
Model and Methods
Two parallel coronene molecules Figure 2) were used as a model of graphite. These are polyaromatic rings with twenty four carbons each. This molecule was chosen as the largest molecular cluster model that could be handled with existing computer power. A hydrogen molecule placed at the center between the two molecules would be 3.5 Angstroms from the edge or "surface" atoms. Since the hydrogen bond Iength is on the order of 0.75 Angstroms, the local environment of the hydrogen should resemble graphite and minimize any direct interaction between the hydrogen molecule and the surface atoms.
Br, I, OH, NH2, CH3, SH, PH2. This provides a data set of ten data compunds. Initially, it was anticipated that this would simply vary the initial equilibrium separation between the two coronene molecules. However, as will be discussed, these substitutions caused a host of effects.
On each of these compounds, the geometry of the complex was vaned to find the configuration with the lowest energy. A hydrogen molecule was placed in the center directly between the two substituted coronenes and the geometry optimized again. In the simplest cases, these calculations can be thought of as giving us three pieces of information -the initial preferred interplanar distance, the preferred interplanar distance with the H2 in between and the energy change.
In order to create different environments, the hydrogens were replaced by the series F, C1,
The calculations were performed using the MOPAC semi-empirical quantum chemical package. Semi-empirical calculations replaced terms in the Hartree Fock equations for true ab-initio calculations with simple empirical functions. True ab-ifiito calculations are nor feasible for this system as the calculations discussed here have roughly five times the number of heavy atoms than can be treated with ab-initio methods. The empirical terms were adjusted both to duplicate the ab-initio results on small compounds and to match available experimental information. For example, the experimentally known geomemes and heats of formation were used. One important result of including experimental information is that, in some sense, the semi-empirical calculations can be thought of as "containing" effects that are only present in very high order ab-initio calculations. There are several available parameterizations -the MND0/3 parameters were used as they seemed to do the best for an isolated hydrogen molecule. using 2Gaussian92 were performed on the system of H2 and benzene. These calculations were performed initially to test the semi-empirical results.
In addition to the semi-empirical calculations, a number of true ab-initio calculations
Results .
The results of these calculations yield information on several aspects of the nature of One question that is answered immediately is whether the hydrogen molecule would hydrogen intercalation. dissociate into atomic hydrogen in the graphitic environment. Based on these calculations, it can be concluded that the hydrogen molecule does not dissociate in the graphitic environment. In all of the calculations the initial configuration started with the two hydrogen atoms at their equilibrium bond distance. After energy minimization no hydrogen molecules were dissociated. It is possible that there was a barrier that the calculations could not cross, but at low temperatures neither could the real system. In some circumstances very large distortions of the coronenes occurred, so the software program was capable of finding minima greatly perturbed from the starting geometry.
A higher quality ab-initio study of the benzene hydrogen system showed no tendency of the two molecules to form a complex or for the H2 to dissociate. The calculations were performed with a very high quality basis set (technically G6-3 1"") at the Hartree Fock level. This is the highest quality basis set used for traditional organic molecules. The calculations are in agreement, in a general sense, with the experimental results of H2 on graphite, "It's like a little BB," (M. Balooch, personal communication). If there is any significant interaction it would require very time-consuming post-Hartree Fock calculations. energy change between the two parallel substituted coronene molecules before and after a hydrogen molecule is placed in the middle. The energy change, in kcals, is shown on the vertical axis and the geometry chacge, in Angstroms, is shown on the horizontal axis. The initial configuration is the left end of the line and the final point the right end. For clarity, each point is displaced vertically by 5 kcals from the previous point..
The main results are summarized in Figure 1 . This plot shows both the geometry and Although the data seems at first glance quite complicated, it can be understood by dividing the results into two groups.
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The first group consisted of the unsubstituted coronenes and the F, Br, OH, SH, and PH2 substituted coronenes. In these systems the coronenes essentially remained planar and the effect of substitution was mainly to change the preferred initial separation. Introduction of an H2 molecule always led to an increase in the separation and some increase in the total energy of the complex. This is shown in Figures 3 and 4 for the unsubstituted coronenes. The trend in this set was that the larger the initial separation, the larger the change in the distance but at a smaller energy cost.
The second group, C1, I, CH3, and NH2 substituents, can cause considerable distortion in the coronene ring system. These systems, with and without the H2, are shown in Figures 4 through 11. The major cause of distortion was steric interaction between bulky substituents, although in the case of the halogens the interplay between electronic interactions (weakening ring bond strength) and steric interactions, seemed to be the reason why some CI and I caused major distortions and Br did not. The large degree of distortion in these compounds implies that there are a great number of configurations that are "local minima" of energy in configuration space. The introduction of a hydrogen molecule caused the system to relax to a new local minima, usually lower in energy and with the molecules further apart. The iodine compound is a very good example, where the initial configuration was roughly planar, but introducing the H2 forced the rings apart and much greater distortion (and a lower energy) was possibie. The CH3 compound seemed to move apart in the manner of the first group, but with a much higher energy cost.
The NH;! compound ( Figures 10 and 11 ) in that the hydrogen molecule seemed to migrate to the surface of the cluster and it also showed the largest decrease in energy. This was the only evidence in this set of compounds of possible direct chemical interaction between H2 and a substituent.
In order to make any of the calculations on the highly distorted compounds truly quantitative, it will be necessary to perform a large series of calculations to sample the extremely large number of loczl energy minilna available to these clusters.
Calculations were also run on coronene molecules with two acd three H2 sandwiched between them. It was expected that there would be Iittle energy cost for the introduction of additional hydrogens. However, when the calculations were run ailowing the hydrogen molecules to vary position, invariably one or more of the hydrogen molecules was simply ejected from the sandwich. As stated previously, these calculations involved essentially some of the largest possible systems that can be treated quantum mechanically with available computer technology, in that both new hardware and substantial software modification would be required to treat larger systems. mobility of hydrogen molecules in much larger model graphite structures. This mobility can be related to the diffusion coefficient, which in turn can be related to loading response to the graphite to varying concentrations of H2 gas.
Future efforts will focus on the calculation using classical molecular dynamics for the 
